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(57)Abstracfc 

PROBLEM TO BE SOLVED: To improve total element 
characteristics while a threshold value current is reduced and 
cracking is suppressed. 

SOLUTION: Relating to a nitride based semiconductor laser 
comprising separate confinement hetero structure wherein an MQW 
(multiplex quantum well structure) active layer 1 6 of InGaN based 
semiconductor is sandwiched between a pair of GaN light 
confinement layers 1 5 and 1 7 whose band gap is larger than the 
active layer 1 6, which is further sandwiched between a pair of, p- 
type and n-type, clad layers 14 and 18 of AIGaN whose band gap 
larger than the light confinement layers 1 5 and 1 7, further 
comprising GaN contact layers 13 and 19, p-type and n-type, 
outside of them, such a light confinement layer 15 as on n-side, out 
of the pair of light confinement layers 1 5 and 1 7, is formed of InGaN 
whose reflectance factor is larger than the GaN contact layers 13 
and 19, for improved light confinement effect and also for 
preventing occurrence of crack at the active layer 16. 













































G-aN 







LEGAL STATUS 

[Date of request for examination] 06.09.2000 

[Date of sending the examiner's decision of rejection] 30.04.2002 

[Kind of final disposal of application other than the 
examiners decision of rejection or application converted 
registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 

Copyright (C); 1 998,2003 Japan Patent Office 



BEST AVAILABLE COPY 



(19) B*m&frff (J P) (12) (A) (ll)»#ffiH^SB## 

#1^ 11-74621 

UZX&mU Mil* ( 1 9 9 9) 3 ^160 

(so int. ci. 0 mvmn fTftmmm^ fi tt«*^«w 

HOIS 3/18 HOIS 3/18 

HOIL 33/00 HOU 33/00 C 











lf^^c73|S4 OL (4111) 


(21)ffl®#*f 




- 2 3 4 8 8 1 


(7DIBHA 


000003078 












(22)ffi^B 


¥«9* 


(1997) 8 ^290 




fli*jH*jn«im#K«iiii«r7 




















n&}\\\%mmi$m&^faMi£w 1 * 


















(72)^^# 


Sill IE?r 




























(74)ftJIA 


&w± ml gt£ (^6*) 



(54) [^g0jo^^3 



(57) imm] 

[warn] Lz^mmm&mt* ?v znwut. 

imtk^®} I nGaN«*lW6&5MQWjSS 
Ji 1 6 £?£teJI 1 6i0fe;OK*t'^0*f^-jtt 
©GaN^IU^^ll 5, 17T&^> -t © ft M £ % 

mc&#>m i s . 1 7iot)A>^t7 yro^t^A 

4, 1 8TJ*^£#«IHi;&fc^xn*iS£#b, ^-3 
^<2*HgiJfC piS^nl0GaN3>^Ml3, 1 

i;i&«>jii5 t \7<Dot>. nmnytmc&ftm i 5 £ 

GaN3>^^hSl3, 1 9J;0 t>JB*f*©*#^ I 
nGaNT^U ftB! C & #> 3I<Z> *i A t m& 
Si 6 *c:fctt£? 7 v 2 <D5£ J £*ffi)t~$'Z>o 




TTrrrn 



ex* co m <J 



m 




1 

Wiera hB* o , p«o3t»i: 

[|f^^3] WE#^7y HIttAl, Ga,-, N (0 
<z^l) T^fi£^n, iE#^>^^M«GaNt 

m&isn, m&nmoytmui&tbmte i n. Ga,-, n 
(o<x^d -c^^^n, gtriep#j<z>7fc^t;&a6Jite 

In, Ga,-, N (0^y<x) t^^^tlT^liCi: 

» i <Dmt±m tm2 (Drnvkmnmiz. mmtmc 

?£te/i<£9 fcA*> F¥-v yy^fi^ 7y#ffi±m& 
[ 0 0 0 1 ] 

^^^^tc^^O. #tc#li§^ U&fc'^ntflig (SC 
H : separate confinement he t eros t rue t ure) &f 




2 ) 4#fff?^ 11-74621 

2 

[ 0 0 0 2 ] 

ZnSe^RtfGa N«»» ^fcJSftS*^*^^ 
W?60B5e^filSSfcfTt>nTViS. ZnSelltfltft 
^^^^ 5 0 0 nml»a©S«da4 t ^#U--tf<0*iail 

[ 0 0 0 3 ] -15. GaN««»rttifi^, #fi«3fc^ 
10 -f F (LED) Ti^^ftl^n, IftGaN^ffi^ 

f&znrcw* c<D&m$kiz&^Tfc* o^^ficit 
t^^t^^^^^<, mm<t\zmisxm#L~r'<&r$mh 

sfc^y* («n> rasa***, do**^ 

[ 0 0 0 4 ] GaN«tft¥»#I/-if"Pli. '&$k. P 
20 SR^ni^l^ft^A lGaN^yFIOlBll:, 
^mm^-XrWrnik (MQW) I n G aNiM 

«ES:ffi«"r«fc«)tw HMQW0#F1 £»M/I<D^7* 
&iS«*rSi^S^*S. brt>b, 8*lcfiMQW©^7 

[ 0 0 0 5 ] «*©*^«jSTtt*oiBi;a«>^ 

co|8biA#£ + #fCir£fc#fCte, A 1 GaN^7y H 

i^UAistt, BtHKDieiip^ss^wc**^, zn 
\z&*) ? 5 v z <Dm&&mw\ztez>mm&£.vz>* to 

[ 0 0 0 6 ] 

[ffiW^ttUi^ttSRH] CCD<£ f> \zV£&. Ga 

40 ^tc, z^vt (fijn) o»4$»«it4:tMlif 

[ 0 0 0 7 ] ^^^ti, ±!20^1f $#ibt^$tl^ 

^ ^ > y ? <Dfflffl tzmmizmfc'? z> c t*«T#, n — * 

[ 0 0 0 8 ] 

[n^^^^T^Acje>^#^] 

50 («|J5ijc) ±fB^^^^^-r^fcS6(C*^fl^fi, ^CCDJ:^ 




3 

[ 0 0 0 9 ] £fc*B91tt, 

[0 0 10] ZZLX\ *««OSSlli*M«tlT 

(1) #^7*;FiliAl, Ga,. t N ( 0< z £ 1 ) T 

TtlUj^fel^In, G a,-, N (0<x£ 1 ) 

Stl, P«03tBBi;aa6Jitt I n, Ga,-, N (O^y 

<x) t^^nxt^ci, 

[0011] (2) EteJf fct, I n G a Nifc^Sfi^#F 

(3) pm<Dytmc&tbm<Dmm&. nm&ytmc&tbm 

[0 0 12] S«±K»*©«gfl:«#¥ 

i <D%&mtm2 <Dm^m\z^m^nx^ 
mi <Dm&mt3£2<Dm&m<Dmiz. mm?tmc& 

fei«t0t)/t>F^t7^/h$<, ff£ l &tf3£2<Df& 
ft/I J: Dfc/t>F*r* ^ y ?®±m 

ttTfrsc *Ste®fcfc#FJg£ 

[0013] (flsjfl) s c H^^^^rf ^>^fb^^¥^ 




( 3 ) 11-74621 

4 

fc&tc, AlGaN^yFfloBIXliA 
I J@JE)Q $f t^JftlWT^S. U^b, MQ 

W^7&CD<£^A 1 G a ^ K JlOffitJPXteA 1 

«j*®»iinK:flH>. 9 5 y &<Dft$itfmmizte2>. 
fi, SCHi»oT«l:^5y^*l»jkt*fc«)©l* 

[0 0 14] fCt^^tit MQW^T&Ofg;^ 

[0 0 15] n«, piO^ftl03tl3i;^J&lllIn 
GaNSIlv-ct), *9y*-KUkj»*, ?tmC&tb?J}M 

(l) p$J^£>m^cD;t-A:7 D-^^^irab^^cae), c 
nSWiSfl-rt-Siil^aS LV^. (2) I nGaN,^fi§t 

ztc. ®&*%m>L,tz.m&. (3) 

P U 7iS^f t^) I n G a N 

C£ttg'tfc<D«fB-T?«JBl,V*. (4) I nGaN^p|J)t 

[0016] JK±©*ii±©WJiKJR^*tt±©*(3Ki^ 
n«*Blli;iiftil:i nGaN^i^SCt^M 
Z<DnM I nGaN3tiii;aftI© I 
n&fi£i;i#FJf <D I n 0 fc<£ < & < T \Zte S 

40 -#J£ LT, #FJItf) I nW2 0 %tf)*§^ v n 

filnGa N3tHi;5ii&ia) I ni&5Ete 5-8 %mBZifi 

Cii^lC'blnGaN^ffl^Tfel^, <B L , HiffBU 
(1) (2) (3)O^StCci: 0 , nil nGaN^^i;^ 

I nS^H2-3%I5^1Jll) e £fz. (1) 




5 

[0017] — nit pw<Dytmc&&m<D I nl 

6*5Tn«. C0#!a*#*5tt. n«i:p«03tEf!i; 

MT, nl^giCMlCInGaN^, p«*Hi;a«) 
■ iCGaNMV^fcift, W#OBlJ»3^Hi;T?*n«, 

[00193 

(mmmmi) m x \z*Rm<om i <o i mmmm\zmt>^ 

*<k««¥«*U-1f<0*^»ifi»fffi&^b. 132 ICS 
1 <D*^#SiliC;fcttS CH8*jg(D/\*> KS^^f. * 
##co^56, '&*<D S C H«jft£*"r*3M:«r*¥ 

[ 0 0 2 0 ] £t*> **JfiJgj||fc:«i;* S CHjgjtSr^-T 

yyyM (m^i*?) ^^lt, 7 > H~yG a NTi 
112, nlGaN3>^^hil3, i$0. 3 3 u 
mOn^A l,.,,Ga,.nN^77 Kg 1 4 ^JH^:^^ 

Hi i 4 (7) a i a&j$£:-h#fc?is < -rs^, XtelgtlP^-h 

#fc"r L^L, AlGaN^77Fil 

4 CDA 1 m^^ii5<-r^, XMI^f < -T* C £ tCcfc 

v-vm&mmzz 2 <wn) ^^tsra® 

[ 0 0 2 1 ] *ilWCH C©raB£jBftT*fc«> 
tC, niAlGaN^^^FiHOil:, n^J^^i: 

0. 2nmOIn,.„Gai.MNi^6«5^7yf Bfrlt 
*3tHi;a«>S 1 5 SrJB/SLT^S. ^7y^Wih** 
EH E&#Jg 1 5 0)±«J::tt. JP£ 2 nmco I n,. , s G a 
>.n N#FJI£:JP£ 4nm«In,., 5 Ga,.n Nflt^/I 
CD 3#^brit3#SS^#F#ti£ (MQW) $f 1*§ I 
nGaN^iSttil 6^Stl. <t<D±«lCfcJ:, i?£ 
0. 25/zm0plGaN^^i;i2 i «)il7 ) p|Al 
i.iiGai.nN^yHHS. p^GaN3>^^h 




4 ) tePl^F 11-74621 

6 

[ 0 0 2 2 ] ±E*iij60-»fini!GaNJ 
>^^Mi 3itF7-fi y ^>yttK: J: 0B£££ 
tl, Sttitfc3>^^ Ml 3 1ICT i/A l^^fife^ 
n«M2 0W$nTl^. ^IT, p^GaNZJ 

>^^hii 9 ±fcttpfiu*«2 i ^w^nxt^. 
[0023] #i\z* *mmmm\s-*f<ommj3mz-3^ 

(MOCVD) SsKcfc Of^^Lfc. fl^Mii^tl 
T, h'J^fJ^'J^A (TMG) , N'J^^-^TJU^ 
10 -^A (TMA) , h U (TMI) , 

t'Xy^O^>^yX-Jb7^^y^7A (Cp, Mg) 
*rjflt>ifc. 2f;*.IP£f<h LT. T>^nT (NH 

, ) , 5>^> (S i H, ) £ ^t'J7 

[ 0 0 2 4] ^r, i^fliaoTllLfc 
D-7r^f7Sil l^MOCVDgKOSJ^il^lCiA 

iasi2oott^io^n, m.^x.y^>^f^mv^ 

[00 2 5] ^^Tf, 7SI 1 1±C 5 5 0 t 

£1 1 OOtlCl, 'J7^XtbT7Ki2 0. 5L 

/#£flitL, 7>t^72:9. 5L/^, TMG^IO 
0cc/»1?6 0»IB«»f5:a:l:<fc0, 7 > K - !7" 
G a NTii 12 ( 2 . 0 /zm) £Jg/&bfc<> tViTS 
i H 4 $1 0 c cJOx., »«(LTnS!G a N3>*^ h 
M 1 3 (4. 0/zm) Kfc^T. TMA^ 6 

0 c c /ttlJQ A. Z> CtfCckO, nSAl..iiGa 9 .i 4 N 
30 Z^vYm (0. 33/zm) £^fiSL£:o 

[ 0 0 2 6 ] ^CV^-C, 1t77^7S« 1 1 £ 7 6 0 <C £ 
tWL, U Ttf X&ykmfrZ&m 2 0. 5L/^ 

iC$J9#A* 7>t-7^9. 5L/^, TMG^IO 

cc/#, tm i £ i 5 o c c /ftxm 8 #ra»t-r C £ 

1 5 Jfc^T?* TMI 4 5 0 c 
c, 50c c i^5iC^)0f i^C^CctO, 11$ 2n 
m(D I n f . ii G a ( . u N#FI. ff$ 4nm®I n „ . 0 i 
G a., is NPIii^^J^^^lIl^^Fil (MQW) 

40 I n G a N^fgteJi l 6 Zmfclsfco 

[0027] ^C^-C. It y 7^71^ lUl 0 8 0t 
ICMI, f$ + t'J7^X20. 5L/^, TV^r. 
79. 5L/^, TMGlOOcc/^, &tfpSH- 
/^hH^tlTCPi Mg^50c c^Ix.SCtl: 
<£ 0, JP£ 0 . 2 5 xa m<D pflS^BS Ui&a&S 1 7 * 3 ft 
f^Sl, f^lTM A 6 0 c c CP, 
M g £ 1 0 0 c c fCifjfJD-r^ C t. \Z& 0 , P^Al e . l6 
Ga,.nN^7yF118 (0. 33/xm) 
Z>o m^X. TMAOil&^fflhl, CP : M g (E> #£$p 

50 I(i50cc<i:lTpiGaN3>^^Ml9 ^f^^ 




( 

7 

bfc. 

[0 0 2 8 ] piGaN3>5'nil9^^bf; 

0. 5 L/^, R^7> ; t-7 9 . 5 L/#<0^£3ltl' 
^£&*&L. gfci&Sfca&Pfci&Lfc. fib, 7 >^ 
T(D&i£teg*£i&g# 3 5 ortrgLfcimc^iLLfco 
[0 0 2 9 ] ^iO^feTf^fijc^nfc^xA^MOCV 

[ 0 0 3 0 ] &\Z. ±&<Djj&Xfcf&2tirzU--1?m£> 
li^niii^i«Sfc J6.(C H ^ -f X >y ^ > ^ lc J: 

it, ^<D±&\ZT i X A 1 7^<d/£3 n{gijm@ 2 0 
bfc. pSGaN3>^^Ml 9±i:lip«t 

tE 2 1 £^J&L*io 
[ 0 0 3 1 ] \z isTftj&Vfzm i 

*fc:©MQW^7ftfi»l:J;D|!«lBt&5i'7y^5fi 
40|l!lfiS*ft , r5ti&, MQWSHI 1 6 <OT««d. 
MQWfgftJi 1 6 *©#F»£»S»<OfS<OA> H ^ -v 
I n G a y * Kit*7fc W U » 1 

[ 0 0 3 2 ] c<Dnfld<D*7* *»Jk*7fcB!U£«>8 1 
5te, MQWHttJBl 6£>±g{$ (p«) (DtEIB 
1 7 cfc 0 >bJB«f4B^*tr^ ( I nfcrt*«/hS to 

mftmC&#>m 1 5 7^p{iicD7^b&a6Ji I 7 <h|!3tfBI 

i 5 co « jp * pffiUa>*H i 7 j: o 

[ 0 0 3 3 ] CCDJ: 5 fc***J0JBT«U Zr?yt7ffi± 
*7tEfli;&«>JB l 5 d «h tCcfc 0 . *^y*£tti 

[ 0 0 3 4 ] ^tC, nfctfmH 2 0 Rtf p««« 2 

;£T£¥^ft£/IJl£^/&b/iC'xA£:3 5 0 jumx 5 

M&L. #**U"-1f fcflsfifcbfc. U-lfK: 
moftftALfc^C^ l^^4 1 7 nmtMli^Ib 

ft. m^<Dm^mm\t5 . ov, b#nmat«*tti. 
oof§j^±tc^^, m?<Dmm&rf*:mizfa±isrc 0 

[0 0 3 5 ] *:%^fC^^^m^^fiE-rSfci6. 



# 

5 ) 1 1 - 7 4 6 2 1 

8 

[ 0 0 3 6 ] 13 31—41 1 (D 1 1 — 2 

ltCttiftbTV^o g*#J&*ltJ&teEI 1 £ ^tt-Cifc* 

*«. 7tKi:ii«>@ 3 5. 3 7 «l:G 

10 a N"CJ£j£$ tlTV^. £fc, MQWfiteH 3 6 diStt 
5#FBt»iJBO'<7*H 3tt<Dh<D£ 1 0#<Z>fc 

[ 0 0 3 7 ] It 7 7"f 7^*£ 3 1 iCG a NT^l 3 2 
frt>vMGaNzi>?Z Mi 3 9 £ T <£> - If ^ J§ El 
^MOCVDil^ffl^tf^^l^i, JKJ&JpT^emO 

*, 1 O^0MQWiI^tt§l/-ifl^l^O^^ 
I^®?H^iA0- g&lC^ ~r y ^fi£b*:#> 3 2t 

[ 0 0 3 8 ] &\Z. ±|BO 2 0<Dtt»fc^l>T, ^®#* 
it niGaND>^^ h» 3 3 ^TF7-fX7 

f>^^i;<k0ii^ ^0±g;icTi/Ai^6fiJc5 

nli!4 0 SrTE^Lfco p^GaN3>^^h 
139 ±{3jip{a'jm@4 1 £^6&bfCo 

[ 0 0 3 9 ] C©«fc7lCl/TMtfcti£*lOGaN^ 
^ffe4^^^U-tf \Z&WZ> S CH«jS©A> FEIfc, SI 

30 3, &8P&*--5 v #&te&&*>nfro 

[0040] #:\z. ±m<DmM*m-r2>*m<t£rmm* 

ifijtlfc^iA^ 3 5 0 /imX 5 0 0 /zmO^^$i:t 

^f^j^bfc 0 cn^<o^mwu-^f\zmmmxvtthc 

i£&4 i 7 nmtf^ia»)^%igb, ^^^coli 
SkA/cm 1 chii5<. 3 0 T^^chMt^o £ 

40 [ 0 0 4 1 ]-*, 3*f<DMQWf£14@£^-f 

re L#t><as«tesni, lowoMQwgtti&ifr 

^^^{Cit^{S<. 7kA/cm ! T$>^fc 0 l£fz. ^ 

iibfc^^^^^ii 3 o#^^>^^t)^tii3 op$^i^ 

50 [ 0 0 4 2 ] JI^JKDci: -5 IC , O G a N ^ ^i^^ U — 



9 

-tf-CMi, nGaN^MQW 

b**«JB»T«L, I nGaNiMQWffiM0^7l: 
aN<t0feflJr*O«UGaN«:i^fcCtlc:J:D, 3t 

omi;&»»jr^*£0. b€r^«s«t£*«fc<£«s 
t^Tffe. £ fetalis** S^comstt, 

[0G4 3] fM±©Mtlt, nHXERi; 

J&miZ&Z I n G a N$ffll^ci^©^Mlii®(D 

^stt^(6i±L^o nc^p.g#^0s«[ (afm) fcfco^a 

*bfcj£fiJI*ffi<0Dai!!ite, «i!T^10 0nm, 

[0 0 4 4] \Z*^mmm\Z.&n\X. GaNl 

WiilSttS I n G a N Jf # ffl fr* 5tlTV*£ 

^> b£^ffl«SHfi»CDfc«&, MQW(D^TfC$ri£M-r 

F*:7<DMfiSK:&ofc. BPt>. *^y*<0»£&«UWb 
fc*»T t lib€f^«««Ert*i*< * £^L$^l€il$I 

[ 0 0 4 5] (mmmWi2) H5tt, **9i<Dig2 

[ 0 0 4 6 ] xmrnrnm-vte* m i <Dmm&mtmm<D 
¥m&i"-*?<Dm¥mmiz&^T* m q I n g a n 
mfe&mi 6<Df^^otc, ^-a^#F^ii <sqw> 

HnGaNMti26$ffl^, p U 2 

7 KB 1 <DMMMm\Z&WZ> G a N(Dft:b 0 K i n G a 

[0047] *mmmmT"\z. sits 2 6^sQwit 



6 ) 11-74621 

10 

Tv>£fci£K mi (nmmmmiDm&iztt^. &wyy 

#<DHtf&de>a*«b^*i6-C**. fto 
T, p«3tHi:ai&I 2 7 JCfc nflUft 

EH C&&m k. mm\Z I n G a N££H>* d ttcj: 0 . <7 

Sft9ibfc3iafc:«fc 0 . p«InGaN*B!i;iiJ612 7 

m~e&* vmytmc&tbm 2 7 kjps 0 . 2Mm<ain 

10 1 . o 1 G a 1 . 1 1 N£/fH*;fc„ 

[ 0 0 4 8 ] » 1 <D*«S^I8i:ra*(DfiJ£fi*fr-Cf^fiKb 
feU-1fffl^^^(D^®^S14tl^li6T^$?T, AFM 
IZJzZMfe-eunthteffi 1 0 nmT&£C trfft-itzLo "A 

iz. ±ft<Du-*fmg>mmizm 1 onmmmLmmw? 

n-trx£Sgb, nlM2 0R^p«ti2 ISMb 

[ 0 0 4 9 ] ^K, ±BE(DmM£J£f&b*:^:n/\£ 3 5 
0 /2 m x 5 0 0 u m<D*:$r £ \Z^$m-? Z> ^ £\Z<£ K) & 
20 :7-£^/&b, ¥^&U-1f £f£j&bfc 0 

If tSStaAbfci:^^, if 417nmT^ 
MS^Hb/io 3fT<B»fts*JEEfc*4. 8V, b€?t^tt 
HSfttlkA/cm' -C^^^io 

^cd 1 0 0 of^iicit;, *^<oo«tt^*«fcrei± 

[ 0 0 5 0 ] S QWilO I n G a N *fc?£ttJB 

**M^«Tfej«bfcU--!f*^-C 
tt, nj»R^p«K:i nGaN*Bi;ji»l*K}tfci: 

30 tt?, ^ ^ y &<o¥&*k&itoM'tz> tmmiz. ye<Dmc& 
[0051] (^3 (ommmrn) ^mmm-v\t. m& 

miZ&lfZ** U 7Ot-^7D-^ftjtt5feJ&0I 

fifb«5R«b*^«[¥»* L — £^&-T£fca6cDe*J£: 

40 [ 0 0 5 2 ] fiftW*¥##U-lf-?tt, Stt»»C*W 
5tf©t-A7 P-T&^S^/JiS. m^<hiE7l(7)^^ 

tSiK^^^S. if©t-A7D- 
^Wl^J-r^)^:^, I nGaNiMQW^^lllC^A 1 
m^OG a A I (A 1 3^^?r 2 0%, mm* 5 n 

m) ^stt, vmytmc&&®\*m'tJ3:^m&£tz>. 
[0053] w6iz*mMMmiz<kz&<t%im¥m{*i' 
-ifcDmTffij&mm&TjkL* uT\zmmm^mm^zmm 

50 jS8 11C, GaN/ty77l82a, 7>F-7"Ga 



( 

It 

NTili82, niGaN3>^^M83, nMG a 

o . 1 4 a i,.,, Nmm&xm ( o . 3 u m) 91. 7 > h 

I no.oiGai.j S N)tl^fei (0. 3 u m) 9 
2, 7>F-^InGaNiMQWffifti (4*f) 93 

LTGa... Alo.« Nl ( 5 n m) 9 4^Mt§. 
^0±K, pSGa,.,,A l,.,,NfSSiftAi (0. 4 
urn) 95, p3JG a Nmait&AJI 8 5 , nSGaNi 
tft&^]f8 6 ZMfr&f&rz. 

[0 0 5 4] nMG a NmM&mm 8 6 

6UJC/1^-z:>^L, l7?>^iaDplGaNI 
5 £g^®Kgfcii£-£*. -e<D&, p^Ga 
Nm^t&AJf 85S^nSG aNli^l 8 6 1I; 
(i, l^MOCVD^Ci;0, pSGaN3>^ni 

8 7 £J£j&-r3o 

[ 0 0 5 5 ] S i O: ^lCJ;§7X4 : >^l; c t 

0, p^lG a N=3 h@ 8 3 *-C^^WtCX^^> 

tfh* mthVtcZi bm 8 3 _h{Cn{|ijm^9 6 £J£ 

deb, $f){:plGaN^>^^hi8 7±Cpiii 

9 7 £^/&-r£. 

[ 0 0 5 6 ] iro^^^LTf^ritbfc^S^U-lftt, 
^liSl4 1 OnmlCT, 9 10A/cm ! (D&L^^ 

»c I n G a N*m>5C<hfc £»K * 5 y * S5£ £ Jfltt 
Ot-/t7D-li, MQWil[±^iiJ A 1 ffl.f&<DG a A 1 

I n G aN^MQWSftl 9 3 ±CG a A 1 N^t U 7 
*-A7 n-jfcihS (5nm) 94^ifi!lU Se>IC-£- 

tmm<Dx>mG a a 1 NmfttftA/19 5 zmfc-tz^o 

[ 0 0 5 7 ] (*Jfi?gSi4) 0 7li, *^^0I4(D^ 

So 

[ 0 0 5 8 ] *HJfi^l8-rtt, it7r-TTS«5 1 ±fc 
A777I5 2 ^jlbtnSG a N 3 >^ hf5 3$: 
:03>^^h|53±CniAlGaN^7 
y Hi (A 1 &j£ : 0 . 32) 54, GaNftMCi&fc 
155, mi O^Sft^#F^i£ (MQW) (D I n G a 

N&fSte/f 5 6 ^i^i^ts, ^t!5 6 

\Z> I nM2 0 %<D I n G a N^FitG a NPf g/f 

[0 0 5 9] m 1 OMQW^f f 5 6 _b Id , JP £ 4 0 n 
m(DInGaNl^77^lhi (I n &j& : 7 %) 5 



# 

7 ) # Hii¥ 11- 7 4 6 2 1 

12 

t^^iii 5 6 tmm<omm$:m?z>m2<DMQw®& 

<D I n G a NSfllttS 5 8 £J£j&Lfc. 
tf>±gSfC p §JG a NftE/li;&d6/I 5 9 . p^AlGaN 
^7yHi (A 1 : 0. 3 2 ) 6 0 £H#CJ&J*L, 
n^A 1 GaN^77H!54^f.plAl GaN^^ 

[ 0 0 6 0 ] *VXb?'C 7<DMmz\Z* iSGaNi 
6 1 *m#>&&. plAlGaN^77K160R^i 
10 !GaNl6 l±C(i, p!GaN3>^^M62^ 

it, 

[ 0 0 6 1 ] U-*f tt, IB 1 CD^M 

^ii^iCMOCVD^lc^Of^^Lfc. d co J; -5 

[ 0 0 6 2 ] ±^C0ct^fCf^^bfcl/--tfffl^^^(D^ 
20 ttS#ia©A> tc^r. HOfittiS 6«i: 

IB 2 (DfgteJI 5 8 <Dra*c#A£nfc* 5 y *KiLJi 5 7 
CD/\*> «y ^tt, ftK tfi&a&B 5 5 , 59<D*rtl<£ 

0 fc/h£ < > fg 1 RZtm2 (Dm&m 5 6 . 5 8 ©^n^ 

^Bii5 7©/OH*vyyit ffitt! 5 6, 5 8 ^ 

S^CDT > F UttS QWMCIT!) J; 
30 U. 

[ 0 0 6 3] ^Cl:, n^GaN3>^^h!5 3±CT 
i/Auj5^^5nltl6 3$MLit. p^GaN 

3 h/§ 6 2 ±(c«p««a 6 4 &m&Lfc 0 

[ 0 0 6 4 ] rcOcfc'PfCbTf^fiRbfc^WflsU-lftttft 
l4 2 0 nmTl^Ilfc o C CO i?i T CD Uj f£ m JE 
4. 2VT,'lf kA/cm ! T&o 

40 6o#te^£ii<, If^fe^lfOlOOOOi 

[0065] ^c^, *5ewtt±abfcft**»«K:ia* 

T-fTtcK^) t)C0Tr«^:< , GaN, SiC, S 

&v2>nm&m&mtzttL&tiiM\z&w* vm&KZtm 

[ 0 0 6 6 ] mmMMT'te. GaNlM^^ 

50 ifo>«ftRWLfc*«, *«wtt*»<*u-iffc:ia6r» 



[ 0 0 6 7 ] 

CHM^t 

mi] mi 
[02] 01 



13 

(LED) \Z hmmT'ZZ. Ga 

&itw**mfc*m^t^Km=T-\z 



] M±m&Vfz£'0\z*5£W\z<ktitt, S 
&JS#r4s£Wirs I nGaNrafi!ct§ 

<Dmm&m\z&t)Z> s c H^it^^r-r^^ 

(Dm^mi&lZ&tfZ S C H*fti£(DA*> K 



[03] ^ 1 O^M^^lCi5^Tit^(Ofc56^^L^^ 



# 



( 8 ) 



¥1 1-74621 



14 



[®4] m 5 <Dft&m<D&ikto&*mfti'--'*f \z&v% 
ess] ^ 2 (DmmMmiz&tiz^mftu-*? ^^tm 
[06] m 3 <D^mm®iz%kt>2>¥m>&i'-+f z^-rm 
[07] &4<Dmmmm\zw i t}Z¥m&u-i?&*?m 
[08] 0 7 <Dm&iz&rtz>m&mtfft<Drt> K0. 

10 [flF^OlfcHJl] 

i i ■■■■ a-? 7<rs« 

1 2-7>H-^Ga NTii 

1 3-nl!GaN3>^ h H 

14-niAlGaN^77Fi 

1 I nGaN3^^i;^s611^77^^il:I 

1 6-MQWOI n G a N^f§14@ 

i 7 - pmg aNytmv&#>m 

18-p$!AlGaN^77HI 

1 9-pi!GaN3>^^ hi 
20 2 0 - nGOmJi 

2 1 -p<HJ1i*$ 



19s 
I7 S 

14- 



[0 1 ] 



p - GoN 



p - a;gqn 



GflM 

InGoft-lMw ISSfT 



InGoN 



n- AiGaN 



20 



[04] 




HR 



r 




JU 



38 37 



36 



35 



I 

34 



( 9 ) 



¥11-74621 



[0 2 ] 



19 



\ 

18 



17 



— 

16 



15 



( 



13 



[0 3 ] 



39. 
38, 
37 s_ 
36- 
35 — . 
34 — . 

33 — 
32 — ' 

31 - 



p -GoN 



p - AjgoN 



GoN 



n - M GaN 



n - GoN 



GaN 



.351* S-fct* 1 OH 



40 
IrV 22 



[08] 



J 



J U L_J 



50 



59 



mmm 

v 

58 




r 1 — ■ 1 ■ ^ — ■ - 

( 10 ) 1 1 - 7 4 6 2 1 



[05] 



19. 

26- 
15- 
14 — I 



13 — 



12 — 



II 



g 

V////A 

p ' GaN 

P - AJGoN 
InGo 

InGoN 
n - AJGaN 



n-GoN 



20 




[06] 



p-AJGaN- 
AIGaN- 
un- InGaN. MQW 
un-InGaN 



pftiafl 

p-GaN 
n-GaN \ /n-GaN 



.97 

85 

95 94 f 




( 11 ) 



¥11 1 74621 



[07 3 




63 



